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(54) Channel reuse In cellular mobile communication with Interference signal levels of different 
radio channels measured at regular and shorter refresh intervals 

(57) In each ceil of a mobile communication system 
with reuse of a plurality of radio channels by dynamic 
channel allocation, a base station repeats measuring an 
interference signal level of each channel of candidate 
channels during a predetermined interval for storage as 
a first stored level and then further during the interval for 
storage as a whole as a second stored level when the 
first stored level is lower than a predetermined reference 
level and selects, based on such stored levels, an allo- 
cated channel for communicaticn with a mobile station 
in the cell. If the first stored level is lower than a lower 
reference level, further measurement is unnecessary. 
Alternatively, the base station repeats measurement and 
storage as regards different ones of the candidate chan- 
nels at a regular and a shorter refresh interval. This 
invention is applicable to channel reuse in a microcellular 
mobile communication system with its central base sta- 
tion made to measure interference signal levels of differ- 
ent radio channels at regular and shorter refresh 
intervals. 
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Description 

BACKGROUND OF THE INVENTION: 



This invention relates to a cellular mobile communi- s 
cation system, a base station used in the system, a 
microcellular mobile communication system, and a cen- 
tral base station used in the system. 

A cellular mobile communication system has a serv- 
ice area divided into a plurality of cells and conprises 10 
base stations in respective cells. In each cell, the base 
station carries out communication with a mobile station 
through an allocated radio channel. The mobile station 
may be one of a plurality of mobile stations which are 
either standstill or moving in the cell. In general, a pre- 15 
determined number of radio channels are assigned or 
allocated to the mobile communication system. Each of 
the radio channels is reused in different cells in order to 
raise efficiency of use of the radio channels and to insure 
allocation of the channels to a great number of mobile 20 
stations. 

The radio channels are assigned in this manner to 
the mobile stations either by fixed channel allocation or 
dynamic channel allocation. In compliance with the fixed 
channel allocation, the radio channels are preliminarily 2s 
assigned to the cells or to the base stations in consider- 
ation of interference between the channels allocated to 
neighboring cells. Each base station selects the allo- 
cated channel for each mobile station from the channels 
preliminarily assigned to the cell. 30 

In compliance with the dynamic channel allocation, 
the radio channels are not assigned to individual cells! 
Instead, the base station measures, as a measured level, 
an interference signal level of each of the radio channels 
assigned to the system and selects as the allocated 35 
channel one of the radio channels that satisfies prede- 
termined conditions such that the measured level is 
below a predetermined threshold level. 

An example of the dynamic channel allocation is 
described in a paper contributed by Toshihiko Kanai to 40 
the Proceedings of IEEE Vehicular Technology Society, 
Forty-second VTS Conference (May 1992), pages 782 
to 785, under the title of "Autonomous Reuse Partitioning 
in Cellular Systems". In this Kanai paper, the base sta- 
tions select or sort the allocated channel out of the radio 4s 
channels according to a common order to sort. When a 
plurality of mobile stations are alive in a cell, a channel 
of a higher order of select is adaptively selected for one 
of the mobile stations that is nearest to the base station. 
Such higher order channels are therefore reused in cells so 
of a shorter cell distance to give a higher efficiency to 
use of the radio channels. 

In connection with measurement of the interference 
signal level, a paper is submitted by Hidehiko Kubo and 
two others in the Japanese language to 1991 Spring 55 
General Meeting of the Institute of Electronics. Informa- 
tion and Communication Engineers of Japan as Paper 
No. B-354 under the title of "Accuracy of Discrete Receiv- 
ing Level Detection in Mobile Radio" as translated by the 



contributors. According to this Kubo et al paper, the inter- 
ference signal level is measured during a short interval 
of time discretely several times. This enables measure- 
ment as regards a certain number of radio channels in a 
common interval of time with a common precision and 
can achieve the dynamic channel allocation economi- 
cally with a small number of measuring units. 

A microcellular mobile communication system is 
described in a paper contributed by Makoto Shibutani 
and four others to the IEEE Journal on Selected Areas 
in Communications. Volume 11, No. 7 (Septerrfcer 
1993). pages 1118 to 1 126. under the title of "Optical 
Fiber Feeder for Microcellular Mobile Communication 
Systems (H-015)". In such a system, each microcell has 
a diameter of several hundreds of meters to reuse the 
radio channels at a short cell distance and thereby to 
further raise the efficiency of use of the radio channels. 

Another example of the cellular mobile communica- 
tion system is disclosed in Japanese Patent Prepublica- 
tion (A) No. 53.901 of 1994. In this system, the 
interference signal level is measured at the base stations 
in compliance with several measurement order tables. 
Each of the tables is used in common by those of the 
base stations which are spaced apart by a predeter- 
mined cell distance. 

In the manner which will become clear as the 
description proceeds, the interference signal levels of a 
plurality of candidate radio channels are successively 
measured by a plurality of measuring units as measured 
levels. A storing unit is used to keep records of the meas- 
ured levels as stored levels. On selecting the allocated 
channel from the candidate radio channels according to 
the dynamic channel allocation, the stored levels are 
referred to. It is important under the circumstances that 
the stored levels should have as small errors as possible. 
To this end, the measured levels must be precise. More- 
over, the stored levels must be repeatedly refreshed at 
a short interval of time. 

That is. measurement must have a high precision. 
One or more of the candidate radio channels may be 
afresh used in other cells. Such an allocated channel 
may be released in the cell under consideration and in 
other cells from time to time. The interference signal level 
may become either strong or weak according to move- 
ment of the mobile station either in the cell in question 
or across the cells. 

In propagation of each radio channel in the mobile 
communication system, it is known that a field intensity 
fluctuates when the mobile station travels only scores of 
meters. When measured at the base station, the inter- 
ference signal level fluctuates with time at several Hz to 
a few scores of Hz. It is therefore general in practice to 
use as the measured level a median of fluctuations. Pre- 
cision of the measured level is raised by lengthening the 
interval of time of the measurement Whereas, a single 
measuring unit can measure only a limited number of the 
interference signal levels in a predetermined interval. A 
great number of measuring units are consequently indis- 
pensable. 
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For frequency refresh of the stored levels, more 
measuring units are necessary. Use of repeated meas- 
urement is useful in this connection as described in the 
Kubo et al paper. 

In the microcellular mobile communication, the s 
above-mentioned base station is much simplified in 
structure and operation and is called a microceil base 
station or is referred to as an antenna port. The microceil 
base stations are connected through transmission paths, 
such as optical fibers, to a central base station which may 
alternatively be called a base control station and is oper- 
able like the base station described above. In order to 
facilitate selection of the allocated channel, the central 
base station may comprise a traffic monitor for monitor- 
ing the transmission paths to detect a traffic value of the 
radio channels assigned to the system. 

In conventional dynamic channel allocation 
schemes described in the foregoing, the interference sig- 
nal levels should be measured in connection with a 
smallest possible number of the radio channels assigned 
to the system. This can raise precision of measurement 
and attain a reduction of the interval during which the 
interference signal levels are measured. No attention 
has been directed to a refresh interval of measurement 
of the interference signal levels. More specifically, the 
measurement has been refreshed at a common interval 
in connection with radio channels which have lower inter- 
ference signal levels and are presumably adapted to allo- 
cation and which have high interference signal levels and 
are very likely busy. In other words, it has not been taken 
into account that the high interference signal levels can 
be measured with a low degree of precision because 
none of the radio channels with the high interference sig- 
nal levels would be used as the allocated channel. These 
high interference signal levels have been measured with 
a common precision as the radio channels which have 
lower interference signal levels and may actually be used 
as the allocated channel. This has resulted in necessity 
of a large number of measuring units. 

In addition, the error in measurement arises from the 
fluctuation in the interference signal level greater in con- 
nection with the radio channels usable as the allocated 
channel than as regards the radio channels which are 
hardly used as the allocated channel. This is because 
the busy channels may be released free to give lower 
interference signal levels in a predetermined interval with 
a higher degree of probability than a degree of probability 
that the radio channels are afresh allocated to mobile 
stations in other cells to give higher interference signal 
level when the radio channels available as the allocated 
channel are small in number. 

As for the microcellular mobile communication sys- 
tem, free or idle channels may be less in number in a 
particular microceil of the microcells than in near ones 
of the microcells. If the interference signal levels were 
measured at a long interval of time in each microceil, the 
free channels would be used in the near ones of the 
microcells before the free channels are found in the par- 
ticular microceil. Even there is one of the busy channels 



that is released free during the long interval of time, this 
one of the radio channels may not be found free in the 
particular microceil. This results in a loss of call origina- 
tion in the particular microceil. Furthermore, the radio 
channels are usually interswitched when a mobile station 
moves from one of the microcells to another and gives 
rise to forced cut off of one of the radio channels that is 
in use by the mobile station moving into the particular 
microceil from the near ones of the microcells. Such loss 
of the call and the forced cut off would be avoided if the 
long interval of time could be shortened. This, however, 
results in necessity of a large number of measuring units. 

SUMMARY OF THE INVENTION: 

It is consequently an object of the present invention 
to provide a cellular mobile communication system in 
which the dynamic channel allocation is resorted to and 
in which each base station comprises a least posstrfe 
number of measuring units, such as only one or two 
measuring units. 

It is another object of this invention to provide a cel- 
lular mobile communication system which is of the type 
described and which gives a least possible probability to 
occurrence of loss of an originating call and of forced cut 
off of a busy radio channel. 

It is still another object of this invention to provide a 
cellular mobile communication network which is of the 
type described and in which it is possible to measure an 
interference signal level with a high precision in connec- 
tion with each radio channel available in actual use in 
transmitting a message including call origination. 

It is yet another object of this invention to provide a 
microcellular mobile communication system which is of 
the type described above in connection with the cellular 
mobile communication system. 

It is a different object of this invention to provide a 
base station for use in the cellular mobile communication 
system of the type described. 

It is another different object of this invention to pro- 
vide a central base station for use in the microcellular 
mobile communication system of the type described. 

In connection with the objects described above, it 
should be noted that this invention is applicable to a 
mobile station which is for use in either a cellular or a 
microcellular mobile communication system of the type 
described. 

In accordance with an aspect of this invention, there 
is provided a mobile communication system comprising 
a base station in each cell for communication with a 
mobile station in the cell through an allocated channel of 
a plurality of radio channels, which base station com- 
prises measuring means for measuring an interference 
signal level of each channel as a measured level, storing 
means for storing the measured level as a stored level, 
and selecting means for selecting the allocated channel 
based on the stored level, wherein the measuring means 
is for measuring the interference signal level of one of 
the radio channels during a first predetermined interval 
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-asthe measured level and for further measuring the 
interference signal level of this one of radio channels dur- 
ing a secorid pr^etermin^jnterva] when the stored 
level is lower than a predetermined reference level. 

In accordance with this aspect of this invention, 
there is furthermore provided^ base station which is for 
use in each cell of a mobile communication system in 
transmitting a message to a mobile station present in the 
cell through an allocated channel of apluraiity of radio 
channels and which comprises measuring means for 
measuring an interference signal level of each channel 
as a measured level, storing means for storing the meas- 
ured level as a stored level, and selecting means for 
selecting the allocated channel based on the stored 
level, wherein the measuring means is for measuring the 
interference signal level of one of the radio channels dur- 
ing a first predetermined interval as the measured level 
and for further measuring the interference signal level of 
this one of the radio channels during a second predeter- 
mined interval when the stored level is lower than a pre- 
determined reference level. 

In accordance with a different aspect of this inven- 
tion, there is provided a mobile communication system 
comprising a base station in each cell for communication 
with a mobile station in the cell through an allocated 
channel of a plurality of radio channels, which base sta- 
tion comprises measuring means for measuring an inter- 
ference signal level of each channel as a measured level, 
storing means for storing the measured level as a stored 
level, and selecting means for selecting the allocated 
channel based in the stored level, wherein the measuring 
means is for measuring the interference signal level at a 
refresh interval with the refresh interval given a short 
interval when the stored level is lower than a predeter- 
mined reference level. 

In accordance with the different aspect of this inven- 
tion, there is furthermore provided a base station which 
is for use in each cell of a mobile communication system 
in transmitting a message to a mobile station present in 
the cell through an allocated channel of a plurality of 
radio channels and which comprises measuring means 
for measuring an interference signal level of each chan- 
nel as a measured level, storing means for storing the 
measured level as a stored level, and channel selecting 
means for selecting the allocated channel based on the 
stored level, wherein the measuring means is for meas- 
uring the interference signal level at a refresh interval 
with the refresh interval given a short interval when the 
stored level is lower than a predetermined reference 
level. 

In accordance with a further different aspect of this 
invention, there is provided a mobile communication sys- 
tem comprising a central base station and a plurality of 
microceil base stations placed in respective microcells 
and connected to the central base station through trans- 
mission paths, one microceil base station in each micro- 
cell being for communication with a mobile station in 
each microceil under consideration through an allocated 
channel of a plurality of channels, wherein the central 
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base station comprises: (A) regular measuring means 
for measuring an interference signal level of each radio 
channel as a measured level at a regular refresh interval; 
(B) storing means for storing the measured level as a 
stored level; (C) control means for calculating, in connec- 
tion with each microceil base station, a channel count of 
free channels for each of which the stored level is lower 
than a predetermined reference level, and (D) additional 
measuring means for measuring the interference signal 
level of each radio channel additionally as the measured 
level at a short refresh interval shorter than the regular 
interval in connection with each less-count base station 
of the microceil base stations, the channel count of the 
less-count base station being less than a predetermined 
reference count; (E) the control means selecting the allo- 
cated channel based on the stored level which includes 
the stored level stored in response to the measured level 
measured additionally by the additional measurina 
means. 

In accordance with the further different aspect of this 
invention, there is furthermore provided a central base 
station for use in a mobile communication system com- 
prising a plurality of microceil base stations placed in 
respective microcells and connected to the central base 
station through transmission paths, one microceil base 
station in each microceil being for communication with a 
mobile station in the above-mentioned each microceil 
through an allocated channel of a plurality of radio chan- 
nels, wherein the control base station comprises: (A) reg- 
ular measuring means for measuring an interference 
signal level of each radio channel as a measured level 
at a regular refresh interval; (B) storing means for storing 
the measured level as a stored level; (C) control means 
for calculating, in connection with each microceil base 
station, a channel count of free channels for each of 
which the stored level is lower than a predetermined ref- 
erence level; and (D) additional measuring means for 
measuring the interference signal level of each radio 
channel additionally as the measured level at a short 
refresh interval shorter than the regular interval in con- 
nection with each less-count base station of the microceil 
base stations, the channel count of the less-count base 
station being less than a predetermined reference count- 
(E) the control means selecting the allocated channel 
based on the stored level which includes the stored level 
stored in response to the measured level measured addi- 
tionally by the additional measuring means. 

In accordance with a still further different aspect of 
this invention, there is provided a mobile communication 
system comprising a central base station and a plurality 
of miorocell base stations placed in respective microcells 
and connected to the central base station through trans- 
mission paths, one microceil base station in each micro- 
cell being for communication with a mobile station in the 
above-mentioned each microceil through an allocated 
channel of a plurality of radio channels, wherein the cen- 
tral base station comprises: (A) regular measuring 
means for measuring an interference signal level of each 
radio channel as a measured level at a regular refresh 
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interval; (B) storing means for storing the measured level 
as a stored level; (C) control means for calculating, in 
connection with each microceil base station, a channel 
count of free channels, for each of which the stored level 
is lower than a predetermined reference level, a traffic 
value of the radio channels, and a traffic ratio of the chan- 
nel count to the traffic value; and (D) additional measur- 
ing means for measuring the interference signal level of 
each radio channel additionally as the measured level at 
a short refresh interval shorter than the regular refresh 
interval in connection with each less-ratio base station 
of the microceil base stations, the traffic ratio of the less- 
ratio base station being less than a predetermined refer- 
ence ratio; (E) the control means selecting the allocated 
channel based on the stored level which includes the 
stored level stored in response to the measured level 
measured additionally by the additional measuring 
means. 

In accordance with the still further different aspect 
of this invention, there is furthermore provided a central 
base station for use in a mobile communication system 
comprising a plurality of microceil base stations placed 
in respective microcells and connected to the central 
base station through transmission paths, one microceil 
bane station in each microceil being for communication 
with a mobile station in each microceil in question 
through an allocated channel of a plurality of radio chan- 
nels, wherein the central base station comprises: (A) reg- 
ular measuring means for measuring an interference 
signal level of each radio channel as a measured level 
at a regular refresh interval ; (B) storing means for storing 
the measured level as a stored level; (C) control means 
for calculating, in connection with each microceil base 
station, a channel count of free channels, for each of 
which the stored level is lower than a predetermined ref- 
erence level, a traffic value of the radio channels, and a 
traffic ratio of the channel count to the traffic value; and 
(D) additional measuring means for measuring the inter- 
ference signal level of each radio channel additionally as 
the measured level at a short refresh interval shorter 
than the regular refresh interval in connection with each 
less-ratio base station of the microceil base stations, the 
traffic ratio of the less-ratio base station being less than 
a predetermined reference ratio; (E) the control means 
selecting the allocated channel based on the stored level 
which included the stored level stored in response to the 
measured level measured additionally by the additional 
measuring means. 

BRIEF DESCRIPTION OF THE DRAWING: 

Fig. 1 is a schematic representation of a cellular 

mobile communication system in general; 

Fig. 2 schematically shows a radio signal used in the 

cellular mobile communication system depicted in 

Fig.1; 

Fig. 3 shows a flow chart for use in descrtoing oper- 
ation of a base station which is illustrated in Fig. 1 



and is according to a first embodiment of the instant 
invention; 

Fig. 4 shows a flow chart for use in describing oper- 
ation of a base station which is depicted in Fig. 1 and 
5 is according to a second embodiment of this inven- 
tion; 

Fig. 5 is a block diagram of a base station which is 
illustrated in Fig. 1 and is according to a third embod- 
iment of this invention; 
10 Fig. 6 shows a flow chart for use in describing oper- 
ation of the base station mentioned in connection 
with Fig. 5; 

Fig. 7 shows another flow chart for use in describing 
operation of the base station mentioned in connec- 
ts tion with Fig. 5; 

Fig. 8 shows in blocks a central base station accord- 
ing to a fourth embodiment of this invention together 
with several microceil base stations; 
Fig. 9 shows a flow chart for use in describing oper- 
20 ation of the central base station illustrated in Fig. 8: 
and 

Fig. 10 shows in blocks a central base station 
according to a fifth embodiment of this invention 
together with several microceil base stations. 

2S 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS: 

Referring to Fig. 1, a cellular mobile communication 

30 system has in general a service area which is divided 
into a plurality of cells 11. In the example being illus- 
trated, the service area comprises first through seventh 
cells 11(1), 11(2), 11(3), 11(4), 11(5). 11(6). and 11(7). 
In these cells, first through seventh base stations (BS) 

35 13 or 13(1), 13(2), 13(3), 13(4), 13(5), 13(6), and 13(7) 
are placed, respectively First through N-th radio chan- 
nels CH(1) to CH(N) are assigned or allocated to the 
mobile communication system, where N represents a 
predetermined integer. Usually, a great number of mobile 

40 stations (MS) 15 are used in the mobile communication 
system. Some of the mobile stations 1 5 are alive or active 
and are moving either in the cells 1 1 or from one to 
another of the cells 1 1. At a certain time instant, a first 
mobile station 15(1) is in the first cell 11(1). a second 

4S mobile station 15(2) is in the sixth cell 11(6). a third 
mobile station 15(3) is in the fifth cell 1 1(5), and fourth 
and fifth mobile stations 15(4) and 15(5) are in the third 
cell 11(3). 

In the manner which is known in the art and will 
so become clear as the description proceeds, each base 
station 13 allocates one of the radio channels CH(1) to 
CH(N) with reuse as an allocated channel to communi- 
cation with one of the mobile stations 1 5 that is currently 
in the cell 1 1 related to the base station 13 under con- 
55 sideration. In this manner, the first radio channel CH(1) 
is allocated by the first base station 13(1) to communi- 
cation with the first mobile station 15(1). The second 
radio channel CH(2) is allocated by the sixth base station 
13(6) to communication with the second mobile station 
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15(2) and is reused by the third base station 13(3) for 
communication with the fourth mobile station 15(4). The 
third radio channels CH(3) is allocated by the fifth base 
station 1 3(5) to communication with the third mobile sta- 
tion 15(3). The fourth radio channel CH(4) is allocated 5 
by the second base station 1 3(2) to communication with 
the fifth mobile station 15(5). 

Such a cellular mobile communication system is 
known in the art and will not be described in greater detail 
except for the manner of allocation of the radio channels 10 
CH(1) to CH(N). On allocating one of the radio channels 
CH(1) to CH(N) to a mobSe station 1 5. each base station 
13 measures an interference signal level of each of the 
radio channels CH(1) to CH(N). It will now be presumed 
in the manner depicted that the first base station 13(1) 15 
is exchanging messages with the first mobile station 
15(1) through the first radio channel CH(1 ) . When meas- 
ured at each of nearby base stations, such as 13(2) to 
13(7), the interference signal level of the first radio chan- 
nel CH(1) is high. When the communication between the 20 
first base station 13(1) and the first mobile 6tation 15(1) 
comes to an end, the first radio channel CH(1) is 
released and becomes a free or idle channel. In this 
event, the interference signal level of the first radio chan- 
nel CH(1 ) is lew. It is now possible for each of the nearby 2s 
base stations to use the first radio channel CH(1) as the 
allocated channel. 

Turning to Fig. 2 with Fig. 1 continuously referred to, 
a radio signal of each radio channel CH(n) is depicted 
with a time axis t indicated horizontally of the figure, 30 
where n represents one of 1 through N, both inclusive, 
as a channel identification number: First through third 
frames FR1 , FR2, and FR3 are illustrated. For measure- 
ment of the interference signal level by a measuring unit 
(later shown), each frame isdivided into a plurality of time 35 
slots in the manner indicated by vertical lines in the 
frames, At each base station 13, the interference signal 
level of this n-th channel CH(n) is measured at a prede- 
, termined time slot in each of a certain number of frames, 
such as the time slots indicated by hatches, during a pre- 40 
determined time interval. In other time slots, the interfer- 
ence signal level of other radio channels are measured. 
In the example being illustrated, each frame is divided 
into first through third time slots SL1 , SL2, and SL3. The 
measuring unit is therefore used in measuring the inter- 45 
ference signal level of three of the radio channels CH(1) 
to CH(N) cyclically during the predetermined time inter- 
val. 

Referring to Fig. 3 with Figs. 1 and 2 continuously 
refened to, the measuring unit is operable as follows in so 
the base station 13 according to a first preferred embod- 
iment of this invention. It may be mentioned here as will 
presently be illustrated that each base station 13 com- 
prises a measured level memory and a radio channel 
selector besides the measuring unit After start of the ss 
measuring unit, the measured level memory, and the 
channel selector, it will be surmised for the time being 
that the measuring unit is used in measuring the inter- 
ference signal level of each of the radio channels CH(1) 



to CH(N) cyclically from the first radio channel (n ■ 1) up 
to the N-th radio channel ( n = N ) in the manner indicated 
at first through third steps S1. S2. and S3. At the first 
step, the channel selector selects the first radio channel 
At the second step, the channel selector checks whether 
or not the N-th radio channel is released. If an N-th radio 
channel is not yet selected, the channel selector selects, 
as the third step, one of the radio channels that has a 
channel number incremented by one. If the N-th radio 
channel is already processed, the channel selector again 
selects the first racfio channel at the first step. 

In the manner depicted in the figure, the channel 
selector selects the n-th radio channel at a fourth step 
S4. At a fifth step S5, the measuring unit measures the 
interference signal level of the n-th radio channel as 
measured levels in connection with af irst predetermined 
number F1 of the frames. In the meanwhile, the meas- 
uring unit calculates a first median of the measured lev- 
els as a first measured level U(1) as indicated at a sixtfi 
step S6. At a seventh step S7, the measuring unit com- 
pares the first measured level with a predetermined ref- 
erence or threshold level Uth. 

If the first measured level is lower at the seventh step 
S7 than the predetermined level, the measuring urit con- 
tinues measurement at an eighth step S8, of the inter- 
ference signal level of the n-th radio channel as regards 
a second predetermined number F2 of the frames. In the 
meantime, the measuring unit calculates, as a second 
measured level U(2) at a ninth step S9, a median of levels 
measured in connection with the first and the second 
frames. Prior to the seventh step, a stored level may be 
stored in the measured level memory. At a tenth step 
S10, the measuring unit refreshes or renews the stored 
level to the second measured level. If the first measured 
level is not lower than the predetermined reference level 
at the seventh step, the measuring unit refreshes at an 
eleventh step S1 1 the stored level to the first measured 
level. 

The predetermined reference level is decided as fol- 
lows. It is usual that a plurality of mobile stations 15 are 
alive in the cell 1 1 in which the base station 13 under 
consideration is present. Depending on effective dis- 
tances between the base station 1 3 and such mobile sta- 
tions 15, desired signal levels are different In 
consideration of a distribution of the desired signal levels, 
the predetermined reference level is decided with addi- 
tion of a margin for measurement errors by a maximum 
interference signal level allowable on assigning the allo- 
cated channel to each of the mobile stations in question. 
For example, the predetermined reference level is 
selected to be equal to a quotient of a maximum value 
of the desired signal levels by a desired power to inter- 
ference power ratio which is necessary for channel allo- 
cation. 

In Fig. 3, it is possible for the base station 1 3 to pro- 
ceed from the seventh step S7 to the eighth step S8 when 
the first measured level is lower than the predetermined 
reference level and is not higher than a lower reference 
level. In this event, the seventh step proceeds to the elev- 
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entti step S1 1 when the first measured level is not lower 
than the predetermined reference level and is higher 
than the lower reference level. 

The lower reference level is predetermined, with 
attention directed to the distribution of desired signal I ev- s 
els, by a low interference signal level which can be 
neglected on assigning the allocated channel. For exam- 
ple, the lower reference level is decided to be equal to a 
quotient of a minimum value of the desired signal level 
by the desired power to interference power ratio. io 

The first measured level may have a low degree of 
precision. When the interference signal level is higher 
than the predetermined reference level, the radio chan- 
nel is seldom selected as the allocated channel. It is 
therefore possible by measuring the interference signal is 
level further for the second predetermined number of 
frames, namely, during a total interval of the first and the 
second numbers of frames, to raise the precision of 
measurement of the interference signal level as regards 
each of candidate radio channels that is more likely used 20 
as the allocated channel. 

For a cellular mobile communication system in 
which the radio channels CH(1) to CH(N) are assigned 
with reuse to a great number of mobile stations 15, the 
first measured level would exceed the predetermined ref- 25 
erence level in connection with a considerable number 
of radio channels CH(1 ) to CH(N). It is consequently pos- 
sible to get the second measured level as regards only 
a limited number of radio channels. 

It is to be noted that a certain one of the radio chan- 20 
nels CH(1) to CH(N) is available for the channel alloca- 
tion when this one of the radio channels has the first 
measured level lower than the lower reference level. 
Inasmuch as the interference signal level is sufficiently 
low, operation of the channel allocation is hardly 35 
adversely affected even when the first measured level 
has a low degree of precision. It is therefore possible to 
shorten the time interval for measurement of the inter- 
ference signal level by omitting the eighth through the 
tenth steps S8 to S1 0. It may be necessary to use a plu- 40 
rality of measuring units when the radio channels CH(1) 
to CH(N) are not only three channels in the manner 
exemplified in conjunction with Fig. 2 but are great in 
number. Even in this event, a short measuring time inter- 
val, such as for only the frames of the first predetermined 45 
number F1 , enables use of a small number of measuring 
units. 

In this manner, it is possible with the base station 13 
being illustrated to repeatedly measure the interference 
signal level of the n-th radio channel at a shorter interval so 
of repetition or refresh by a limited number of measuring 
units. This makes it possible to raise a degree of preci- 
sion of the stored levels and to achieve a desired degree 
of precision with a smaller number of measuring units. 

Turning to Fig. 4 with Figs. 1 and 2 continuously ss 
referred to, a base station 13 is operable as follows 
according to a second preferred embodiment of this 
invention. In this operation, the predetermined reference 
level is varied or either increased or decreased for use 



in the seventh step S7 of Fig. 3 so that a channel count 
of the number of radio channels may be in a predeter- 
mined range. The measuring unit therefore comprises a 
channel counter for measuring the channel count Such 
operation will be described hereafter with steps of the 
operation numbered following the steps following those 
already described. 

instead of the eighth step S6 described in conjunc- 
tion with Fig. 3, the channel counter calculates at a 
twelfth step S12 a number ratio r, to the predetermined 
integer N, of those radio channels which are herein 
called first channels and for each of which the measured 
level, such as the first measured level U ( 1 ) , is lower than 
the predetermined reference level. As a thirteenth step 
S13, the channel counter compares the number ratio 
with a first predetermined ratio R1 . 

If the number ratio is greater at the thirteenth step 
than the first predetermined ratio, the channel counter 
decrements the first predetermined ratio, the channel 
counter increments at a fourteenth step S14 the prede- 
termined reference level Uth by a predetermined factor 
d. The fourteenth step returns to the twelfth step. If the 
number ratio is not greater than the first predetermined 
ratio, the channel counter compares at a fifteenth step 
S 1 5 the number ratio with a second predetermined ratio 
R2 which is smaller than the first predetermined ratio. If 
the number ratio is less than the second predetermined 
ratio, the channel counter decrements the predeter- 
mined reference count by the predetermined factor at a 
sixteenth step S1 6, which returns to the twelfth step. Oth- 
erwise, the fifteenth step returns to the twelfth step. 

In the base station 13 operable as described with 
reference to Figs. 3 and 4, the interference signal level 
is adaptively measured during the total interval as 
regards only those of the radio channels CH(1 ) to CH(N) 
which are limited in number by the first and the second 
predetermined ratios. This makes it possible to optionally 
decide the predetermined reference level and to prevent 
the precision of measurement of the interference signal 
level from decreasing in connection with the limited 
number of the radio channels CH( 1 ) to CH(N) regardless 
of fluctuation in time of the interference signal level. 

Reviewing Figs. 2 through 4, it may be pointed out 
that each base station 13 comprises a receiver unit for 
receiving communications from the mobile stations 15 
which are currently alive in the eel! 11 of the base station 
13. It is possible to measure the interference signal level 
during free or idle time slots where the receiving unit 
receives no communication. 

Referring afresh to Fig. 5 and again to Fig. 1. the 
description will proceed to a base station 13 according 
to a third preferred embodiment of this invention. The 
base station 13 comprises first and second queue units 
1 7 and 1 9, a channel selector 21 , first and second meas- 
uring units 23 or 23(1) and 23(2). a recorder 25. and a 
channel selection controller 27. One or both of the first 
and the second measuring units correspond to the 
measuring unit described before. The recording unit 25 
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corresponds to the measured level memory. The channel 
selector 21 corresponds to the radio channel selector. 

The first and the second queue units 17 and 19 are 
for administrating in cooperation an order of measure- 
ment of the interference signal level in connection with s 
each of the radio channels CH(1) to CH(N). The channel 
selector 21 selects a selected channel from the radio 
channels administrated by the first and the second 
queue units 17 and 19. Selected from the first and the 
second queue units 1 7 and 19, such selected channels 10 
are delivered to the first and the second measuring units 
23 for measurement of the interference signal levels of 
the respective selected channels for storage in the 
recorder 25 as stored levels. Except for an interval of 
measurement of the interference signal levels, the radio is 
channels CH(1) to CH(N) are in one and the other of 
queues of queued channels in the first and the second 
queue units 17 and 19. Immediately after measurement 
of the interference signal levels, the first and the second 
measuring units 23 inform the channel selector 21 of this 20 
feet. Based on the stored levels, the channel selection 
controller 27 selects the allocated channel. In the exam- 
ple being illustrated, it will be presumed that the first and 
the second queue units 1 7 and 1 9 are for the radio chan- 
nels of which the interference signal I evels are measured 2s 
at a longer and a shorter refresh interval, respectively. 

Turning to Fig. 6 with Figs. 1 and 5 continuously 
referred to, the base station 13 is operable as follows 
after start of operation of the channel selector 21. At a 
seventeenth step S1 7 which corresponds to the fourth 30 
step S4 described in connection with Fig. 3. the channel 
selector 21 specifies the n-th radio channel and selects 
one of the first and the second queue units 17 and 19 
that currently holds the n-th radio channel at a head of 
the queue. Supplied with the n-th radio channel at an 35 
eighteenth step S18, the first or the second measuring 
unit 23 checks like in the seventh step S7 of Fig. 3 
whether or not the first measured level U(1 ) is lower than 
,the predetermined reference level Uth. 

If the first measured level is lower than the predeter- 40 
mined reference level, the first measuring unit 23(1) cal- 
culates at a . nineteenth step S19 a channel count L of 
those of the radio channels, which remain in the queue 
administrated by the first queue init 17, and checks 
whether or not the channel count is less than a prede- 45 
termined reference count Lth. If the channel count is less 
than the predetermined reference count, the first meas : 
uring unit 23(1) stores the n-th radio channel at a trailing 
end of the queue back in the first queue imit 1 7 at a twen- 
tieth step S20. It is possible to understand that the chan- so 
nel selection controller 27 refers to the recorder 27 for 
the first measured level and deals with the eighteenth 
through the twentieth steps. Either if the first measured 
level is not less than the predetermined reference level 
or if the channel count is not less than the predetermined 55 
reference count, the channel selection controll er 27 adds 
the n-th radio channel to a trailing end of the queue 
administrated by the second queue unit 19 at a twenty- 



first step S21. The twentieth and the twenty-first steps 
return back to the seventeenth step. 

When a call originates either in the base station 13 
or one of the mobile stations 15 that is currently present 
in the cell 1 1 of the base station 1 3 in question, the chan- 
nel selection controller 27 selects the allocated channel 
and cancels the allocated channel from the queue in the 
first or the second queue unit 17 or 19. As soon as the 
ajlocated channel is released to afresh become a free 
channel, the channel selecting unit 27 adds this free 
channel at a leading end of the queue in either of the first 
and the second queue units 1 7 and 1 9. ft is alternatively 
possible to understand the channel selector 21 as the 
channel selection controller 27 to select one of the first 
and the second measuring units 23. 

Further turning to Fig. 7 with Figs. 1 and 5 continu- 
ously referred to, the channel selector 21 may be oper- 
able as follows. It is noted in this connection that the 
number of queued channels is variable with time in the 
first queue unit 1 7 as a result of the twentieth and the 
twenty-first steps S20 and S21 described with reference 
to Fig. 6. At a twenty-second step S22 of Fig. 7, the chan- 
nel selector 21 calculates in a prescribed time interval 
an average Lav of the numbers of queued channels held 
in the first queue unit 1 7. The channel selector 21 checks 
at a twenty-third step S23 whether or not the average is 
less than an upper limit Lmax. If the average is less than 
the upper limit, the channel selector 21 decrements at a 
twenty-fourth step S24 for the first measuring unit 23(1) 
the predetermined reference level by the above-men- 
tioned predetermined factor d. If the average is not less 
than the upper limit, the channel selector 21 checks at a 
twenty-fifth step S25 whether or not the average is less 
than a lower limit Lmin. If the average is less than the 
lower limit the channel selector 21 increments the pre- 
determined reference count by the predetermined factor 
d at a twenty-sixth step S26. The twenty-fourth and the 
twenty-sixth steps and, if the average is not less than the 
lower limit the twenty-fifth step return back to the twenty- 
second step. In this manner, the number of queued chan- 
nels is kept in a predetermined range in the first queue 
unit 17 for measurement of the interference signal level 
by the first measuring unit 23(1). 

In Fig. 6, the interference signal level is measured 
at the shorter refresh interval by the first measuring unit 
23(1) in connection with the queued channels which are 
held by the first queue unit 1 7 and are often selected as 
the allocated channel. The short refresh interval reduces 
the measurement error. In contrast, the queued channels 
of the second queue unit 19 have higher interference sig- 
nal levels which are measured at the longer refresh inter- 
val. TTiese quelled channels are scarcely selected as the 
allocated channel. As a consequence, it is possible to 
raise the precision of measurement. It is moreover pos- 
sible to lengthen both the shorter and the longer refresh 
intervals and to use a smaller number of measuring units 
to achieve a certain degree of precision. 

Use of the channel count L restricts the number of 
quelled channels in the first queue unit 1 7 below a certain 
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channel count This enables a shorter refresh interval for 
the first measuring unit 23(1) to further raise the preci- 
sion of measurement 

It should, however, be noted that the short refresh 
interval wouJd become long if the number of quelled 
channels is greater than a certain integer in the first 
queue unit 1 7. This nevertheless means that there are 
many queued channels to comply immediately with a 
request for channel allocation. 

The predetermined reference level influences a ratio 
of the number of queued channels in the first queue unit 
to the number of queued channels in the second queue 
unit 19. When the predetermined reference value is too 
great, the short refresh interval would become objection- 
ably long. When the predetermined reference level is too 
small, the first measuring unit 23(1) measures the inter- 
ference signal levels at an interval of time which is 
shorter than necessary In correspondence, the second 
measuring unit 23(2) measures the interference signal 
levels at a long interval of time. 

In Fig. 7. such disadvantages are avoided. When the 
predetermined reference level is incremented, the 
queued channels become greater in number in the first 
queue unit 17. This results in a decrease of the number 
in question and to shorten the short refresh interval. 
When the predetermined reference level is decre- 
mented, the number of queued channels becomes 
smaller in the first queue unit 17. This results in an 
increase in the last-mentioned number to a certain 
de^ee and prevents the refresh interval from becoming 
shorter than necessary. As a consequence, it is possible 
to keep the channel count of the queued channels in the 
first queue unit 1 7 to decide the short refresh interval as 
desired. 

In Figs. 6 and 7, it is objectionable to assign the allo- 
cated channel to communication between the base sta- 
tion 13 and another of the mobile stations 15 currently 
present in the cell 1 1 for the base station 13 under con- 
sideration. It is preferred therefore to omit such allocated 
channels from an object for measurement of the interfer- 
ence signal level or levels. This shortens the shorter 
refresh interval and reduces the number of the measur- 
ing units 23 for a predetermined length of the short 
refresh interval. 

When an allocated channel is released into a free 
channel, this free channel is very likely a candidate chan- 
nel available for the channel allocation. The free channel 
is therefore placed at the leading end in the first queue 
unit 1 7 for immediate confirmation by the first measuring 
unit 23(1) as regards the interference signal level. This 
enables the base station 13 to cope at a higher degree 
of probability with channel requests which may be 
crowded within a 6hort interval of time. 

Each of the measuring units 23 may continuously 
measure the interference signal level of an individual one 
of the radio channels CH(1) to CH(N) during a certain 
interval of time. Alternatively, each measuring unit 23 
may discretely and repeatedly measure the interference 
signal levels of the queued channels from the leading 



end towards the trailing end. In this event, the queue 
units 1 7 and 1 9 and the measuring units 23 are operable 
in response to the n-th radio channel indicated by the 
channel selector 21. 

s Referring now to Fig. 8 in addition to Fig. 1 , attention 

will be directed to a microcellular mobile communication 
system which comprises a central base station (CEN- 
TRAL BS) 29 according to a fourth preferred embodi- 
ment of this invention. In Fig. 1, the cells 11 are now 

w microcells. The base stations 1 5 are microcell base sta- 
tions exemplified also in Fig. 8 as first through fourth 
microcell base stations (MICRO BS) 13(1) to 13(4). 

Each microcell base station 13 comprises an ampli- 
fier 31 for amplifying into an amplified signal a radio sig- 

75 nal which reaches an antenna from the mobile station or 
stations which are present in the microcell 1 1 of each 
microcell base station 13 in question. An electro-optic 
converter (E/O) 33 is for conversion from the amplified 
signal into an upward optical signal for delivery to a per- 

20 tinent one of first through fourth transmission paths or 
optical fibers 35 or 35(1), 35(2), 35(3), and 35(4). 

The central base station 19 comprises first through 
fourth opto-electric converters (O/E) 37 or 37(1), 37(2). 
37(3), and 37(4) connected to the first through the fourth 

25 optical fbers 35, respectively. Through an exchange 
switch 39, the first through the fourth opto-electric con- 
verters 37 are connected to first and second regular 
measuring units 41 or 41(1) and 41(2) and to an addi- 
tional measuring unit 43. A control unit 45 controls the 

30 exchange switch 39 and the regular and the additional 
measuring units 41 and 43. The control unit 45 com- 
prises the recorder 25 descrbed in conjunction with Fig. 
5 to serve as a storing unit. A free or idle channel table 
47 is connected to the regular and the additional meas- 

35 uring units 41 and 43 and to the control unit 45. The reg- 
ular measuring units 41 are for measuring the 
interference signal levels of the radio channels CH(1) to 
CH(N) at a regular refresh interval in connection with 
those of the microcell base stations 13 at which a chan- 

40 nel count of free channels available as the allocated 
channel is not less than a predetermined reference 
count. The additional measuring unit 43 is for measuring 
the interference signal level of the radio channels at a 
short refresh interval shorter than the regular refresh 

45 interval in connection with those others of the microcell 
base stations 15 at which the channel count is less than 
the predetermined reference count. 

Turning to Fig. 9 with Figs. 1 and 8 continuously 
referred to, the central base station 29 and the rricrocel- 

50 lular base stations 13 are operable as follows on select- 
ing an allocated channel from the first through the N-th 
radio channels CH(1) to CH(N) for use between each 
microcellular base station 13 and one of the mobile sta- 
tions 15 that is currently present in the microcell 11 of 

55 the microcell base station 13 under consideration. 
Broadly speaking, the regular and the additional meas- 
uring units 41 ad 43 are used in repeatedly searching for 
free or idle channels in cooperation with the microcellular 
base stations. These measuring units 41 and 43 will be 
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referred to serially as first through M-th measuring units 
40 or 40(1) to 40(M). Each of the measuring units 40 will 
be called an m-th measuring unit 40 (m), where m repre- 
sents a unit identification number variable between 1 and 
M, both inclusive. 5 

The control unit 45 cyclically specifies the measur- 
ing units 40 from the first measuring unit (m = 1) up to 
the M-th measuring unit (m = M ) at twenty-seventh 
through twenty-ninth steps S27, S28, and S29 wrtch are 
similar to the first through the third steps S1 to S3 10 
described in conjunction with Fig. 3. At a thirtieth step 
S30, the control unit 45 specifies the m-th measuring unit 
40(m) and checks whether or not the m-th measuring unit 
40(m) is searching for the free channels. 

Before the m-th measuring unit 40(m) actually starts is 
to search for the free channels, the control unit 45 selects 
a selected station BSj of the microcellular base stations 
13 in the manner which will presently become clear. Hav- 
ing decided the selected station BSj, the control unit 45 
controls the switch 39 to establish connection of the m- 20 
th measuring unit 40(m) to the selected station BSj. The 
m-th measuring unit 40(m) starts to detect whether or 
not a free or idle channel is present among the radio 
channels CH(1) to CH(N) by measuring the interference 
signal levels. If one of the radio channels is found to have 2s 
the interference signal level lower than the predeter- 
mined reference level of the type described before, this 
one of the radio channels is decided as the free channel. 
The control unit 45 stores a record of the selected station 
BSj and of the free channel or channels in the free chan- 30 
nel table 47. 

Actual search for the free channels comes in due 
course to an end at the m-th measuring unit 40(m). It is 
now possible for the control unit 45 to assign the free 
channel or one of the free channels as the allocated 35 
channel to one of the mobile stations 15 which are cur- 
rently present in the microcell 1 1 of the selected station 
BSj and having originated a call. When the allocated 
channel is thus assigned to the mobile station 15 under 
consideration, the control unit 45 cancels the allocated 40 
channel from the record of the free channel table 47. 
When the control unit 45 again takes the selected station 
BSj into consideration while later specifying either the 
same one or a different one of the measuring units 40. 
this one of the measuring units 40 starts to afresh search 4s 
for the free channels. In response, the control unit 45 
refreshes or renews the record in the free channel table 
47. 

If the m-th measuring unit 40(m) is not at the thirtieth 
step in search for the free channels, the control unit 45 so 
checks at a thirty-first step S31 whether the m-th meas- 
uring unit 40(m) is the regular measuring unit 41 or the 
additional measuring unit 43. If the m-th measuring unit 
40(m) is one of the first and the second measuring units 
41 , the control unit 45 selects at a thirty-second step S32 ss 
one of the microcellular base stations 1 3 as the selected 
station BSj, in connection with which the record is 
refreshed in the free channel table 47 earliest among the 
microcellular base stations 13. If the m-th measuring unit 



40(m) is the additional measuring unit 43. the control unit 
45 checks at a thirty-third step S33 whether or not there 
is at least one of the microcellular base stations 13, in 
connection with which the record was latest refreshed in 
the free channel table 47 longer than a predetermined 
short refresh interval of time Tmin before. 

When two or more microcellular base stations 1 3 are 
found atthe thirty-third step, the control unit 45 calculates 
in connection with each of these microcellular base sta- 
tions 13 a channel count of the free channels and 
decides at a thirty-fourth step S34 one of these micro- 
cellular babe stations 13 as the selected station BSj for 
which the channel count is least When only one micro- 
cellular base station 13 is found at the thirty-third step, 
the control unit 45 decides this one of the microcellular 
base stations 1 3 as the selected station BSj at the thirty- 
fourth step, ft will readily be understood that the control 
unit 45 can preliminarily store such a channel count in 
the free channel table 47 before storing the free channels 
successively in the free channel table 47. 

Having sodecided the selected station BSj. the con- 
trol unit 45 establishes at a thirty-fifth step S35 the con- 
nection described above. At a thirty-sixth step S36, the 
control unit 45 starts detection of the free channel or 
channels as described before by the m-th measuring unit 
40(m) which may be whichever of the regular and the 
additional measuring units 40 or 41 and 43. 

After start of the detection at the thirty-sixth step, the 
control unit 45 checks at the twenty-eighth step whether 
or not the unit identification number m is equal to M. If 
no microcellular base station 13 is found at the thirty-third 
step, the control unit 45 starts check of m at the twenty- 
eighth step. If the unit identification number is equal to 
M, the control unit 45 repeats the twenty-seventh step, 
the thirtieth through either the thirty-third or the thirty- 
sixth steps, and the twenty-eighth step. If the unit identi- 
fication number is not equal to M, the control unit 45 adds 
one to the unit identification number at the twenty-ninth 
step and then repeats the thirtieth through either the 
thirty-third or the thirty-sixth steps and the twenty-eighth 
step. In this manner, the control unit 45 repeatedly 
refreshes the free channels in the free channel table 47 
in connection with all microcellular stations 13 connected 
to the central base station 29. In the meantime, the allo- 
cated channel or channels are afresh used here and 
there in the microcells 1 1 with such allocated channels 
cancelled from the record in the free channel table 47. 
Each allocated channel is released in due course into a 
fresh free channel, which is detected by a certain one of 
the measuring units 40 when a concerned one of the 
microcellular base stations 13 is specified as the 
selected station BSj. 

It is understood that each regular measuring unit 41 
measures the interference signal level of each radio 
channel as the measured level described before sub- 
stantially at a regular refresh interval predetermined by 
a cycle of repeated use thereof and that such measured 
levels are represented in the free channel table 47 by the 
free channels as regards the respective microcellular 
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base stations 13. As for the additional measuring unit 43, 
the short refresh interval is obviously shorter than the 
regular refresh interval. It is additionally possible to 
understand that the channel count decreases with time 
for each of the microcellular base stations 1 3 to become 5 
less than a predetermined reference count. Such a 
microcellular base station is herein called a less-count 
base station. After lapse of the predetermined short 
refresh interval time, such less-count base stations 
include the above-mentioned one of the microcellular w 
base stations 13 that is found at the thirty-fourth step. 
The short refresh interval is consequently decided so as 
not to refresh the free channels in the free channel table 
47 only as regards one of the less-count base stations 
for which the channel count is maximum. 75 

Referring to Fig. 10 with Figs. 1 and 8 continuously 
referred to, attention will be directed to a central base 
station 29 according to a fifth preferred embodiment of 
this invention. In addition to the circuit elements 
descrtoed in conjunction with Fig. 8. a traffic monitor 49 20 
is used to monitor traffic values of respective ones of con- 
nections between switch 39 and the first through the 
fourth opto-electric converters 37. In this manner, the 
traffic monitor 49 monitors the traffic value of each micro- 
cellular base station and consequently of the first and the 2s 
N-th radio channels CH(1) to CH(N) except for those 
which can and may actually be reused in remote ones of 
the microcells 1 1 . Connected to the traffic monitor 49, 
the control unit 45 calculates a traffic ratio in connection 
with each microcellular base station 13 by dividing the 30 
channel count by the traffic value. 

Referring again to Fig. 9 with Figs. 1 , 8, and 10 con- 
tinuously referred to. the control unit 45 is operable in 
cooperation with the traffic monitor 49 in a manner similar 
to that described above. At the thirty-fourth step S34, the 35 
control unit 45 decides the selected base station BSj as 
follows. First, the control unit 45 calculates an average 
traffic value by averaging station counts of those of the 
microcellular base stations 13 that have been in actual 
communication service during lapse of the predeter- 40 
mined short refresh interval of time. Subsequently, the 
control unit 45 calculates an average traffic ratio by divid- 
ing the channel count by the average traffic value. Finally, 
the control unit 45 decides the selected station BSj by 
finding one of the microcellular base stations 1 3 that has 4s 
a minimum average traffic value among less-ratio base 
stations which correspond to the less-count base station 
described before. 

Figs. 8 and 10 will be reviewed with Figs. 1 and 9 
again referred to. As regards each microcellular base so 
station 13, the free channels are selected in Fig. 8 by 
using not only at the regular refresh interval but also at 
the short refresh interval. For the less-count base sta- 
tion, the free channels are detected at the short refresh 
interval. Use of the measuring units 40 partly as the addi- 55 
tional measuring unit or units 43 may decrement the reg- 
ular measuring units 41 and accordingly lengthens the 
regular refresh interval for other stations other than the 
less-count base stations in the microcellular base sta- 



tions 13, if the measuring units 40 are of a& predeter- 
mined total number. It should, however, be noted in 
connection with the other stations that the free channels 
would not all be used as the allocated channels during 
this lengthened refresh interval. As a result, the can loss 
and the forced call interruption would seldom take place 
in the meanwhile. As for the less-count base stations, the 
additional measuring unit or units 43 will very soon detect 
one of the radio channels CH(1) to CH(N) as the free 
channel that is released in the meantime. This reduces 
an adverse possibility of occurrence of the call loss and 
the forced call interruption. If a certain frequency of 
occurrence of the call loss and the forced call interruption 
is allowed, it is possibl e to reduce the predetermined total 
number. 

When the predetermined total number of measuring 
units 40 are used, the call loss and the forced call inter- 
ruption likely take place even in those of the microcellular 
base stations 1 3 which have a greater traffic value either 
because the free channels of the other stations may be 
all used during the regular or the short refresh interval 
or because the measuring units 40 do not detect as the 
free channel the allocated channel set free in the mean- 
while. For these of the microcellular base stations 13 
which have the greater traffic value or values, the traffic 
ratio is small even when a predetermined number of free 
channels are available as the allocated channel. It is 
therefore possible to prevent the adverse possibility by 
using operation described with reference to Figs. 10 and 
9. 

While this invention has thus far been described in 
specific conjunction with several preferred embodiments 
thereof and a few modifications, it will now be readily pos- 
sible for one skilled in the art to put this invention into 
practice in various other manners. For example, it is pos- 
sible to use in Figs. 8 through 10 a predetermined ratio 
of idle time slots in searching for the free channels at the 
short refresh interval. It is also possible to store not only 
the identification number either in the recorder 25 or in 
the free channel table 47 but also the measured levels 
for use in selection of the allocated channel. Moreover, 
it is readily possible in Figs. 8 and 10 to add other circuit 
elements in the control base station 29 and to the micro- 
cellular base stations 13 for bidirectional transmission 
messages to and from the mobile stations 15. 

Claims 

1 . A mobile communication system comprising a base 
station (13) in each cell (1 1) for communication with 
a mobile station (15) in said cell through an allocated 
channel of a plurality of radio channels, said base 
station comprising measuring means (23) for meas- 
uring an interference signal level of each channel as 
a measured level, storing means (25) for storing said 
measured level as a stored level, and selecting 
means (27) for selecting said allocated channel 
based on said stored level, characterised in that said 
measuring means is for measuring the interference 
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signal level of one of said radio channels during a 
first predetermined interval as said measured level 
and for further measuring the interference signal 
level of said one of radio channels during a second 
predetermined interval when said stored level is s 
lower than a predetermined reference level. 

2. A mobile communication system as claimed in daim 
1. characterised in that said measuring means (23) 
does not further measure the interference signal w 
level when said stored level is lower than a different 
reference level that is lower than said predetermined 
reference level. 

1 A base station (13) for use in each cell (11) of a is 
mobile communication system in transmitting a 
message to a mobile station (1 5) present in said ceil 
through an allocated channel of a plurality of radio 
channels, said base station comprising measuring 
means (23) for measuring an interference signal 20 
level of each channel as a measured level, storing 
means (25) for storing said measured level as a 
stored level, and selecting means (27) for selecting 
said allocated channel based on said stored level, 
characterised in that said measuring means is for 2s 
measuring the interference signal level of one of said 
radio channels during a first predetermined interval 
as said measured level and for further measuring the 
interference signal level of said one of radio chan- 
nels during a second predetermined interval when 30 
said stored level is lower than a predetermined ref- 
erence level. 

4. A base station (13) as claimed in claim 3, character- 
ised in that said measuring means (23) does not fur- 35 
ther measure the interference signal level when said 
stored level is lower than a different reference level 
that is lower than said predetermined reference 
level. 

40 

5. A base station (13) as claimed in claim 4, character- 
ised in that said measuring means (23) comprises: 

calculating means (S12) for calculating a 
number ratio of first channels to said plurality of radio 
channels, each of said first channels having said 45 
measured level lower than said predetermined ref- 
erence level; and 

adjusting means (S14, S1 6) for adjusting said 
predetermined reference level lower and higher 
when said number ratio is greater and smaller than so 
a predetermined ratio and than a different ratio that 
is smaller than said predetermined ratio, respec- 
tively. 

6. A mobile communication system comprising a base ss . 
station (13) in each cell (1 1) for communication with 

a mobile station (1 5) in said cell through an allocated 
channel of a plurality of radio channels, said base 
station comprising measuring means (23) for meas- 



uring an interference signal level of each channel as 
a measured level, storing means (25) for storing said 
measured level as a stored level, and selecting 
means (27) for selecting said allocated channel 
based on said stored level, characterised in that said 
measuring means is for measuring said interference 
signal level at a refresh interval with said refresh 
interval given a short interval when said stored level 
is lower than a predetermined reference level. ** 

7. A base station (13) for use in each cell (11) of a 
mobile communication system in transmitting a 
message to a mobile station (15) present in said cell 
through an allocated channel of a plurality of radio 
channels, said base station comprising measuring 
means (23) for measuring an interference signal 
level of each channel as a measured level, storing 
means (25) for storing said measured level as a 
stored level, and channel selecting means (27) for 
selecting said allocated channel based on said 
stored level, characterised in that said measuring 
means is for measuring said interference signal level 
at a refresh interval with said refresh interval given 
a short interval when said stored level is lower than 
a predetermined reference level. 

8. Abase station (13) as claimed in claim 7, character- 
ised in that said measuring means (23) comprises: 

a first measuring unit (23(1)) for measuring 
said interference signal level at a first refresh interval 
to produce said measured level; 

a second measuring unit (23(2)) for measur- 
ing said interference signal level at a second refresh 
interval shorter than said first refresh interval to pro- 
duce said measured level; and 

a unit selecting unit (2 1 ) for selecting said first 
and said second measuring units when said stored 
level is and is not lower than said predetermined ref- 
erence level, respectively. 

9. A base station (1 3) as claimed in claim 8, character- 
ised in that said unit selecting unit (21) calculates a 
channel count of queued channels, each of which is 
in a queue for measurement by said first measuring 
unit (23(1)). and selects said second measuring unit 
(23(2)) regardless of a relation between said stored 
level and said predetermined reference level when 
said channel count is greater than a predetermined 
reference count. 

1 0. A base station (1 3) as claimed in claim 8, character- 
ised in that said unit selecting unit (21) selects said 
second measuring unit (23(2)) when said stored 
level is higher than said predetermined reference 
level regardless of a channel count of queued chan- 
nels each of which is in a queue for measurement 
by said first measuring unit (23(1)). 
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1 1 . A base station (1 3) as claimed in claim 3, character* 
ised in that said unit selecting unit (21) repeatedly 
selects said first measuring unit (23(1)) when said 
stored level is not higher than said predetermined 
reference level and furthermore when a predeter- s 
mined reference count is not exceeded by a channel 
count of quelled channels each of which is in a 
queue for measurement by said first measuring unit. 

1 2. A base station (1 3) as claimed in claim 8, character- 10 
ised in that said unit selecting unit (21) gives a lower 
and a higher reference level to said predetermined 
reference level so as to keep, in a predetermined 
range, a channel count of queued channels each of 
which is in a queue for measurement by said first is 
measuring unit (23(1)). 

1 3. A base station (1 3) as claimed in claim 7, character- 
ised in that said measuring means (23) gives a lower 
and a higher reference level to said predetermined 20 
reference level when said interference signal level 
should be measured in said refresh and said short 
intervals, respectively. 

1 4. A base station (1 3) as claimed in claim 7, character- 25 
ised in that said channel selecting means (27) sus- 
pends operation of said measuring means (23) 
when said each channel is said allocated channel. 

15. A mobile communication system comprising a cen- 30 
tral base station (29) and a plurality of microcell base 
stations (15) placed in respective microcells (11) 
and connected to said central base station through 
transmission paths (35), one microcell base station 

in each microcell being for communication with a 35 
mobile station (1 5) in said each microcell through an 
allocated channel of a plurality of radio channels, 
characterised in that said central base station com- 
prises: 

regular measuring means (41 ) for measuring 40 
an interference signal level of each radio channel as 
a measured level at a regular refresh interval; 

storing means (47) for storing said measured 
level as a stored level; 

control means (45) for calculating, in connec- 45 
tion with each microcell base station, a channel 
count of free channels for each of which said stored 
level is lower than a predetermined reference level; 
and 

additional measuring means (43) for measur- so 
ing the interference signal level of each radio chan- 
nel additionally as said measured level at a short 
refresh interval shorter than said regular refresh 
interval in connection with each less-count base sta- 
tion of said microcell base stations, the channel ss 
count of said less-count base station being less than 
a predetermined reference count; 

said control means selecting said allocated 
channel based on the stored level which includes the 



stored level stored in response to the measured level 
measured additionally by said additional measuring 
means. 

1 6. A central base station (29) for use in a mobile com- 
munication system comprising a plurality of micro- 
cell base stations (13) placed in respective 
microcells (1 1) and connected to said central base 
station through transmission paths (35), one micro- 
cell base station in each microcell being for commu- 
nication with a mobile station (15) in said each 
microcell through an allocated channel of a plurality 
of radio channels, characterised in that said central 
base station comprises: 

regular measuring means (41) for measuring 
an interference signal level of each radio channel as 
a measured level at a regular refresh interval; 

storing means (47) for storing said measured 
level as a stored level; 

control means (45) for calculating, in connec- 
tion with said microcell base station, a channel count 
of free channels for each of which said stored level 
is lower than a predetermined reference level; and 

additional measuring means (43) for measur- 
ing the ihterf erence signal level of said radio channel 
additionally as said measured level at a short refresh 
interval shorter than said regular refresh interval in 
connection with each less-count base station of said 
microcell base stations, the channel count of said 
less-count base station being less than a predeter- 
mined reference count; 

said control means selecting said allocated 
channel based on the stored level which includes the 
stored level stored in response to the measured level 
measured additionally by said additional measuring 
means. 

1 7. A mobile communication system comprising a cen- 
tral base station (29) and a plurality of microcell base 
stations (13) placed in respective microcells (11) 
and connected to said central base station through 
transmission paths (35), one microcell base station 
in each microcell being for communication with a 
mobile station (1 5) in said each microcell through an 
allocated channel of a plurality of radio channels, 
characterised in that said central base station com- 
prises: 

regular measuring means (41) for measuring 
an interference signal level of each radio channel as 
a measured level at a regular refresh interval; 

storing means (47) for storing said measured 
level as a stored level; 

control means (45, 49) for calculating, in con- 
nection with each microcell base station, a channel 
count of free channels, for each of which said stored 
level is lower than a predetermined reference level, 
a traffic value of said radio channels, and a traffic 
ratio of said channel count to said traffic value: and 

additional measuring means (43) for measur- 
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ing the interference signal level of each radio chan- 
nel additionally as said measured level at a short 
refresh interval shorter than said regular refresh 
interval in connection with each less-ratio base sta- 
tion of said microcell base stations, the traffic ratio 5 
of said less-ratio base station being less than a pre- 
determined reference ratio; 

said control means selecting said allocated 
channel based on the stored level which includes the 
stored level stored in response to the measured level 10 
measured additionally by said additional measuring 
means. 

18. A central base station (29) for use in a mobile com- 
munication system comprising a plurality of micro- 15 
cell base stations (13) placed in respective 
microcells (11) and connected to said central base 
station through transmission paths (35), one micro- 
cell base station in each microcell being for commu- 
nication with a mobile station (15) in said each 20 
rrricrocell through an allocated channel of a plurality 
of radio channels, characterised in that said central 
base station comprises: 

regular measuring means (41) for measuring 
an interference signal level of each radio channel as 2s 
a measured level at a regular refresh interval; 

storing means (47) for storing said measured 
level as a stored level; 

control means (45, 49) for calculating, in con- 
nection with each microcell base station, a channel so 
count of free channels, for each of which said stored 
level is lower than a predetermined reference level, 
a traffic value of said radio channels, and a traffic 
ratio of said channel count to said traffic value; and 

additional measuring means (43) for measur- 35 
ing the interference signal level of each radio chan- 
nel additionally as said measured level at a short 
refresh interval shorter than said regular refresh 
interval in connection with each less-ratio base sta- 
tion of said microcell base stations, the traffic ratio 40 
of said less-ratio base station being less than a pre- 
determined reference ratio; 

said control means selecting said allocated 
channel based on the stored level which includes the 
stored level stored in response to the measured level 45 
measured additionally by said additional measuring 
means. 

19. A central base station (29) as claimed in claim 18, 
characterised in that said control means (45, 49) so 
comprises: 

a traffic monitor (49) for monitoring said trans- 
mission paths (67) to detect said traffic value; and 

a control unit (47) for calculating said channel 
count and said traffic ratio and for selecting said alio- 55 
cated channel. 



14 




11(3) 11(2) 



FIG. 1 













w . 


HJ » « ■ » 

SL1 SL2 


•4 -* 

SL3 








FR1 






FR2 


FR3 



t 



FIG. 2 



15 



EP0716 555A2 



C START 23. 2 &25 ) 



n = 1 



-S1 



select n-th channel 



measure for F1 frames 



calculate U(1) 
for F1 frames 



-S4 
-S5 
-S6 




measure for F2 frames 



calculate U (2) 
for F1 & F2 frames 

T 



-S8 
-S9 



store U(1) 



V 
S11 




J'" 




n = n + 1 



S3 



EP 0 716 555*2 




Q START of 21 ^ 



$24 



YES 



Uth = Uth/d 



calculate Lav 
of queued 
channels in 17 



-^-S22 



S25 




FIG. 7 



17 



EP0716 555 A2 



21 

L_ 

CHANNEL 
SELECT 



17 




19 



23(1) 



25 



L 



MEASURE 




RE- 
CORDER 


UNIT 






r 23(2) 




MEASURE 




UNIT 


— > 





j: 



27 



CH SELECTION 
CONTROL 



FIG. 5 



f START \ 



select n-th channel 



-SI 7 




FIG. 6 



18 



EP0716 555 A2 




37(4) 



CENTRAL BS 



29 



•39 



41 CI ) 

JJL 



REGULAR 
MEASURE 



41 (2) 



REGULAR 
MEASURE 



43 



ADDITIONAL 
MEASURE 



Q 



45 



control 



FREE CHANNEL TABLE 



47 



FIG. 8 



19 



EP0716555 A2 




FIG. 9 



20 



EP 0 716 555 A2 



31 



33 13CD 



E/O 



35(1) 



31 



33 13(2} 



a 



7 

35 (2) 



V 33 13(3) 



31 



E/O 



35(3) 



31 



33 13<4) 



e7o> 



a 



5 

35(4) 



oTFl- 

37(1) 



OTEj - 

37(2) 



o7e> 

37(3) 



37^(4) 



TRAFFIC 
MONITOR 



29 



•39 



41(1) 
XT 



REGULAR 
MEASURE 



41 (2) 



REGULAR 
MEASURE 



43 



ADDITIONAL 
MEASURE 



a 



CENTRAL BS 



45 
jL. 



CONTROL 



FREE CHANNEL TABLE 



.49 



T 

47 



FIG. 10 



21 



THIS PAGE BLANK (uspto, 



